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T he d iu rn a l cycles o f m ito tic a c tiv ity in th e e a r ep id erm is o f th e a d u lt m ale m ouse h a v e been d e te rm in e d b y th e rem o v al o f earclip s a t 2 h r. in te rv a ls th ro u g h o u t th e 24 h r. T he m ice used w ere b etw een 3 a n d 4 m o n th s old, a n d w ere o f th e K re y b e rg w h ite lab el a n d S tro n g 's CBA stra in s. A consid erab le d egree o f in d iv id u a l v a ria tio n w as fo u n d , b u t on th e av erag e th e m a x im u m m ito tic a c tiv ity w as a t 06.00 a n d 14.00 h r. a n d th e m in im u m m ito tic a c tiv ity a t 10.00 a n d 20.00 h r.
T his o b se rv a tio n w as confirm ed b y killin g g ro u p s o f m ice, each g ro u p con sistin g o f five m ales, a t th e sam e 2 h r. in te rv a ls th ro u g h o u t th e 24 h r. S im ilar v a ria tio n s in th e m ito tic a c tiv ity o f th e e a r ep id erm is w ere observ ed , a n d , in a d d itio n , sim ilar cycles w ere e v id e n t in th e m id -d o rsal ep id erm is o f th e b a c k , th e stra tifie d e p ith e liu m o f th e oesophagus, th e lining ep ith e liu m o f th e ep id id y m is, a n d th e p ro life ra tin g zone o f th e d u o d e n a l m ucosa. I n th is la s t tissu e th e ra te o f cell div isio n n e v e r fell to a v e ry low figure, a n d in th e p ro life ra tin g cen tres o f th e in te s tin a l ly m p h n o d u les a n d in th e sem iniferous tu b u le s o f th e te s tis th e re w as no tra c e o f a cycle since th e ra te o f cell div isio n re m a in e d c o n sta n tly high.
A s tu d y w as also m a d e o f th e sp o n ta n e o u s b o d ily a c tiv ity o f th e m ice th ro u g h o u t th e 24 h r., a n d b y c o m p arin g th e av era g e figures so o b ta in e d w ith th e a v erag e figures for ep id erm al m ito sis, it p ro v e d possible to m a k e th e sig n ifican t c o rre la tio n t h a t w hen th e an im als are a t re s t m ito tic a c tiv ity is a t a m a x im u m a n d t h a t w h en th e y are aw ak e a n d a c tiv e it is a t a m in im u m .
T his c o rrelatio n p e rm its a n e x p la n a tio n o f th e in d iv id u a l v a ria tio n in m ito tic a c tiv ity , since th e re is also a h ig h degree o f in d iv id u a l v a ria tio n in sp o n ta n e o u s b o d ily a c tiv ity . I t also p e rm its a n e x p la n a tio n o f th e c o n tra d ic to ry re su lts w hich h a v e b een re p o rte d in th e p a s t reg ard in g d iu rn a l m ito sis rh y th m s in m ice, since it is e v id e n t t h a t th e rh y th m s o f bodily a c tiv ity m u s t be stro n g ly affected b y differences in th e age, sex a n d co n d itio n o f th e an im als used, in th e season o f th e y e a r, a n d in th e ro u tin e o f th e la b o ra to ry . I n troduction I t has recently been demonstrated (Bullough 1946 ) th a t mitotic activity in most of the tissues of the adult female mouse is cyclic, being related to the cyclic production of oestrogenic hormone by the ovaries, and further th a t this primary cycle has imposed upon it secondary cycles which are the results of the actions of two mitosiscontrolling forces. In the case of the adult male mouse it is generally considered th a t the secretion of androgenic hormone by the testes is continuous and relatively steady. I t therefore appeared to be of interest to attem pt to discover how this fact influences mitosis, and whether it induces a pattern of activity differing from th a t seen in the female. Investigation of this point resulted in the discovery of strongly marked diurnal cycles of mitotic activity, and it quickly became evident th a t a thorough understanding of these was a necessary preliminary to any attem pt to unravel conditions in the male. Particularly did this seem to be so when considera tion was taken of the confusion and contradiction in the literature on diurnal mitosis cycles in the mouse and other animals. The present paper is therefore concerned with a detailed analysis of these diurnal cycles, especially in the epi dermis, and of their relation to periods of waking and sleeping. The male mice used in this work were almost all of the Kreyberg white label strain, but into each experimental group there was also inserted one male of the Strong's GBA strain. This was done to ensure th a t the results obtained were not peculiar to the type of mouse used, and, in fact, no differences between these strains were found. All the mice were in full breeding condition, and all were between 3 and 4 months of age when the experiments were performed. This was also true of the mice used in the experiments on bodily activity.
All the mice were in perfect health. They had been reared in a constant tempera ture of 20° C, and fed on whole oats, dog biscuit, and oat cake with cod-liver oil. These conditions were maintained during the experiments. In view of the fact th a t these experiments concern diurnal rhythms, it may also be im portant to add th a t the animals were accustomed to being fed, and were fed throughout the experi ments, a t between 09.00 and 10.00 hr., and th a t they had an almost constant daily period of natural and artificial light from about 08.00 hr. to about 18.00 hr.
(2) Histological technique
In the first experiments pieces of ear were cut from the mice by means of a conchotome. These were fixed for a day in Bouin's alcoholic fluid which also acted as a wetting agent for the skin and hair. They were then embedded in paraffin wax, and cut in serial sections 7/ lt hick. In the later experiments the an killed with chloroform. They were then cut widely open along the midventral line, VoL 135. B. 14 214 dipped quickly in 70 % alcohol as a wetting agent, and fixed in Bouin's ordinary 1 fluid for 2 days. Tissues and organs removed were embedded in paraffin wax and I cut at a thickness of 7 p .In all cases the mitoses were sta haematoxylin and the cytoplasm counterstained with eosin.
(3) Statistical methods
The methods of counting the mitoses varied according to the areas or lengths of section chosen as units. Information regarding these points is therefore given separately for each tissue in the observations recorded below. In the same way the method of assessing bodily activity throughout the 24 hr. is given later. When obtained, the figures for each experimental group were averaged, and the standard deviation was calculated according to the formula cr = where / is the frequency, d the deviation from the mean, and N the number of mitosis counts in the group. In some groups there was considerable individual variation which resulted in a high standard deviation. In these circumstances the statistical significance of the differences observed was checked, and the results are described in the text. Each table includes data concerning the number of mitosis counts, the observed range of the variates, the arithmetic mean, and the standard error of the mean.
Observations (1) Mitotic activity of ear epidermis
In any study of cyclic activity it is clearly a great advantage if the whole series of observations can be made on the same animals, and also if the experiments can be designed to inconvenience these animals as little as possible. The ear of the mouse is of great value for such study, since it can be cut away piece by piece without any great interference with normal activity. The operation was performed with a conchotome which in one movement punched out a piece of ear lobe of about 10 sq.mm. I t was possible to obtain about six clips from each ear, and thus from each animal twelve samples could be taken. The clips were removed at 2 hr. intervals throughout the 24 hr., the experiment being started a t 10.00 hr. on one day and concluded at 08.00 hr. on the next. To avoid any chance of the development of a high rate of mitosis due to wounding, each new clip cut away the tissue imme diately adjacent to the gap left by the previous clip, and the results showed that in 2 hr. there was no time for any wounding effect to develop.
The mitosis counts were made on 1 cm. lengths of sections of the epidermis cut a t 7 [i, and for each clip it was found possible to make ten such counts with ease. To avoid the danger of counting the same mitosis twice, every alternate section of the series was ignored. The mitoses were found most commonly in the metaphase, but all stages from prophase to telophase were noticed and recorded. The average figures obtained for all the ten mice studied are given in table 11 and illustrated in graph 11, figure 3, but in view of the high degree of individual variation, especially a t night, the results for each mouse are also given separately in tables 1 to 10 and W. S. Bullough T able 1. N um bers of mitoses p r e s e n t in sections of t h e ear EPIDERMIS OF MOUSE 37 (SEE ALSO GRAPH in graphs 1 to 10, figures 1 to 2. In these tables the numbers of cell divisions in the pro-, meta-, ana-and telophases are also shown as they help to illustrate the passage of each mitosis wave.
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Mitotic activity in the adult male mouse In spite of the considerable individual variation shown in the above tables, it can, nevertheless, be seen th at there is some measure of agreement. Thus it is common for mitotic activity to be low at about 10.00 hr., high during the afternoon, low again at about 20.00 or 22.00 hr., and high again in the early morning. Indi vidual irregularity is most marked during the night, and there is an evident tendency for mitotic activity to proceed in sharp waves. This latter effect is most clearly seen in the figures for the pro-and metaphases, th at is, in the figures which show the numbers of mitoses beginning.
Individual variations are eliminated when all the above figures are averaged. These averages are given in table 11 and illustrated in graph 11, figure 3, and they show clearly the existence of a double diurnal .cycle. The times of lowest average mitotic activity are 10.00 and 20.00 hr., while the times of highest average mitotic activity are 14.00 and 06.00 hr. There is also a long period of moderate mitotic activity lasting from 22.00 to 04.00 hr.
T a b l e 1 1 . A v e r a g e n u m b e r s o f m i t o s e s p r e s e n t p e r u n i t l e n g t h (1 c m .) o f TH E VAR E P ID E R M IS OF M ICE 37 TO 46 (S E E ALSO GRAPH 11, FIG As a check on this result, the experiment was repeated at a later date using another ten mice. In view of the similarity of the findings it does not appear necessary to repeat the individual results in full, but table 12 summarizes the average results. An interesting feature of these results is th a t they were obtained after the changing of the clock from g .m .t . to summer time, and th a t in spite of this, the usual maxima occur a t 06.00 and 14.00 hr. and the usual minima a t 10.00 and 20.00 hr. as reckoned by the new time. I t is evident th a t the mice had adapted themselves to the new conditions, presum ably by accustoming themselves to the change in the habits of the staff which cared for them and particularly to the change in the feeding time.
(2) Mitotic activity of other tissues
In no tissue other th an the ear epidermis is the accurate study of variations in m itotic activity easily possible, since no other tissue can be removed a t frequent intervals w ith so little disturbance to the daily routine of the mouse. However, it is obviously of considerable importance to determine w hether the m itotic activity of the other tissues proceeds in such clearly marked cycles, and if so, whether the timing of these cycles is similar or different. To obtain answers to these questions it was necessary to kill groups of mice through the 24 hr., each group consisting of five males. The first such group was chloroformed a t 10.00 hr., and the others followed a t 2 hr. intervals until the last was killed a t 08.00 hr. on the succeeding day. Thus a total of sixty mice was involved.
The choice of tissues which could be removed and analyzed was limited by the fact th a t the numbers of mitoses in so m any of them were too low for accurate counting. Those described below were chosen to present as wide a variety of types as possible. As a preliminary, it was decided to repeat once again the observations on the ear epidermis, partly as a check on the results recorded above, b u t mainly as a check on the reliability of this m ethod of studying mice killed in successive groups.
(i) Ear epidermis
In this experiment the earclips were taken after the mice had been killed and fixed, and for each animal 10 cm. lengths of sections cut 7 ji thick were examined.
Thus fifty counts were made for each group of five animals. I t seemed th a t no useful purpose would be served by classifying the stages of the mitoses, and there fore in the figures given in table 13 all stages from prophase to telophase are included.
T a ble 13. A v era g e n u m b e r s of m ito ses p r e s e n t p e r u n it l e n g th (1 cm.) These figures are expressed in graph 13, figure 4 , and a comparison of this 'frith graph 11 shows th at, although differences in detail do exist, there are nevertheless broad similarities. Thus in graph 13 the times of lowest activity are 10.00 and 22.00 hr., while in graph 11 they are 10.00 and 20.00 hr. In both graphs the times of highest activity are 14.00 and 06.00 hr. I t may be concluded th a t while the method of killing mice in successive groups is undoubtedly not so accurate as th a t of removing successive earclips, it is sufficiently accurate to reveal the main outlines of any cycles of mitotic activity which m ay exist.
IN SECTIONS OF EAR EPIDERMIS (SEE

(ii) Mid-dorsal epidermis
The second tissue studied was also epidermis, bu t in this case it came from the middle of the back. This was done in order to discover whether the variations in the ear epidermis can be considered as representative of the variations in the epidermis as a whole. As before, the sections were cut a t 7/./, and the numbers of mitoses were counted in unit section lengths of 1 cm. The results are shown in table 14 and in graph 12, figure 4. While the figures are higher than those for the ear epidermis, the variations are almost identical with minima a t 10.00 and 22.00 hr. and maxima at 14.00 and 06.00 hr.
(iii) Oesophagus
Sections were cut transversely in th a t region of the oesophagus just anterior to the diaphragm, and the stratified lining epithelium was found to show a sufficiently high rate of mitotic activity for accurate counts to be made. Again the method of counting was the same with unit section lengths of 1 cm., with ten counts for each Table 14 . Average numbers of mitoses pr e sen t p e r u n it length (1 cm.) farther enhanced by the exceptionally large size of the mitotic figures. I t may be noted th a t in the other regions of the epididymis, where the cells of the lining epithelium are more nearly cubical, mitoses do not appear .to be so frequent. For the practical purpose of counting the numbers of cell divisions, the tissue of the epididymis was regarded as homogenous. The numbers of mitoses were assessed B in unit section areas of OT sq.mm., and the figures obtained are recorded in table 15 and graph 15, figure 5. Because of the low numbers of mitoses present, tw enty counts were made for each animal and 100 for each group. In this tissue the rate of cell division was relatively low, and since so m any of the unit areas examined contained no mitoses, the standard errors are unusually high. This means th at, although the graph follows the normal trend almost exactly with minima a t 10.00 and 22.00 hr. and maxima a t 14.00 and 04.00 hr., the degree of difference between any two adjacent points is not statistically significant. However, since the differ ences between the maxima and the minima are statistically highly significant, it m ay be concluded th a t here again the cycle of variation is similar to th a t of the ear epidermis.
IN SECTIONS OF MID-DORSAL EPID ERM IS (SEE ALSO
(v) Duodenal mucosa
Transverse sections of the duodenum were cut a t a level of about 3 cm. from the pyloric sphincter, and mitoses were found to be most frequent in the cubical cells lining the crypts of Lieberkuhn. These crypts are tortuously twisted and closely packed together so th a t it was possible to tre a t them as if they were a solid and homogeneous mass of tissue. Counts were therefore made on unit section areas of 0*1 sq.mm, in this proliferating region, and the figures obtained are presented in table 17 and graph 16, figure 5. Ten counts were made on each animal and fifty on each group. I t is evident th a t in this tissue the rate of cell division continues to be relatively high throughout the whole 24 hr. However, there are clearly two minima a t 10.00 and 22.00 hr. and one maximum a t 14.00 hr. There is no sharply defined T a ble 17. A v er a g e n u m b e r s of m ito ses p r e s e n t p e r u n it a rea (0T s q .mm.)
OF SEC TIO N S OF T H E P R O L IF E R A T IN G ZONE OF T H E D U O D E N A L MUCOSA (S E E
ALSO G RA PH 16, F IG U R E 5) second maximum in the early hours of the morning, but instead the rate of division continues to be almost uniformly high from about midnight to 06.00 or 08.00 hr. The graph is flatter than th a t for any tissue so far described, which is to say th at the differences between the minima and the maxima are not so great.
(vi) Intestinal lymjph nodes
As is known from previous work on the female mouse (Bullough 1946) , the lymph nodes of the intestinal wall exhibit special conditions of mitotic activity. There is a high non-cyclic rate of division among the large cells which compose their centres, and a total absence of mitosis among the smaller lymphocytes which form their outer zones. The results of counts made on unit section areas of 0T sq.mm, of the proliferating centres are given in table 18 and graph 17, figure 5. As in the female, the rate of cell division in the lymph node centres is seen to be constantly high, and so to present an exception to the general rule. Statistically the slight differences recorded between the different groups of figures are not significant, and the graph may therefore be considered as approximating to a straight line.
T a b l e 18. A v e r a g e n u m b e r s o f m i t o s e s p r e s e n t p e r u n i t a r e a (0T s q .m m .)
OF SECTIO N S OF T H E P R O L IF E R A T IN G C E N T R E S OF T H E IN T E S T IN A L LYM PH N O D ES (S E E ALSO G RA PH 17, F IG U R E 5)
T a b l e 1 9 . A v e r a g e n u m b e r s o f m i t o s e s p r e s e n t p e r u n i t a r e a (0 -0 1 s q .m m .) F ig u r e 5. G raphs 15 to 18 show ing th e v a ria tio n s in th e average n u m bers of m itoses in th e epididym is, th e d uodenal m ucosa, th e in te stin a l ly m p h node centres, a n d th e sem iniferous tu b u les of th e testis.
O F s e c t i o n s o f t h e s e m i n i f e r o u s t u b u l e s (s e e a l s o G R A PH 1 8 , F IG U R E 5 )
(3) Bodily activity From a consideration of the above results, the question arises whether the cycles observed are due to variations in metabolic rate, body temperature, or some other factor which is affected by the alternation between activity and rest. Clearly the first task was to discover as precisely as possible a t w hat times of the day and night the mice were active, and a t w hat times they were a t rest. The habits of any colony of mice are undoubtedly strongly affected, if not determined, by diurnal variations in temperature, light, and the time of feeding. As already explained, in the present experiments the tem perature was therm ostatically maintained a t 20° C, the daily light period was from about 08.00 hr. till about 18.00 hr., and the time of feeding was between 09.00 and 10.00 hr. I t may also be added th a t sufficient food was always given so th a t an excess remained in the boxes a t the end of each day.
The apparatus set up to record the waking and resting periods consisted of a wooden box containing two compartments connected by a small hole which was just large enough for the passage of one animal a t a time. Into this hole was suspended a hinged bar which was pushed aside whenever a mouse passed. The bar was attached to a sprung arm by means of which its every movement was recorded on a smoked drum. In this way the spontaneous activity of the animals could be assessed in figures for every hour of the day and night. I t was found convenient to keep five mice in the apparatus a t the one time, and in order th a t they should be forced to visit both chambers of the box, the food supply was kept in one and the w ater supply in the other.
W ith this apparatus recordings of spontaneous activity were taken for 20 days, one group of five males occupying the box for the first 10 days and another for the second 10 days. The average figures for each of the 24 hr., representing the average numbers of times the animals passed through the hole, are given in table 20 and expressed in graph 19, figure 6. As might be expected in an experiment involving the hourly measurement of spontaneous bodily activity, the day to day variation was very high. However, although the differences between the mean figures for successive hours are never statistically significant, the larger differences, and of course those between the maxima and minima, are highly significant. The form of the graph obtained from the averages is reasonably smooth, and its broad outline m ust be considered as reliable. There is evidently a period of high activity as sociated with the feeding time between 09.00 and 11.00 hr., and an afternoon period of rest which is most marked between 13.00 and 16.00 hr. Thereafter activity rises to an evening maximum between 18.00 and 19.00 hr., and then falls steadily until about midnight. The moderate activity of the succeeding 4 hr. is followed by a period of rest which is most marked between 05.00 and 07.00 hr.
Clearly these variations in bodily activity can be related to the variations already described in mitotic activity. A comparison between graphs 11 and 19 shows immediately th a t the one is the inverse of the other. This comparison is traced in detail, and its importance discussed, in the section below. 
T H E A V ER A G E N U M B E R S O F PA SSA G ES TH R O U G H A H O L E P E R H O U R (S E E
D i s c u s s i o n
The first conclusion which emerges from the above observations is that, in spite of a considerable amount of individual variation, there exists in many tissues of the adult male mouse a clearly defined double diurnal cycle of mitotic activity. The most accurate observations are those on the ear epidermis, pieces of which were removed periodically from living animals. These indicate that, in the conditions in which the mice were kept, there are two periods of maximum mitotic activity at 06.00 and 14.00 hr., and two periods of minimum mitotic activity at 10.00 and 20.00 hr. However, the less accurate observations on groups of mice killed a t 2 hr. intervals are equally im portant because of their general confirmation of this result, and because they establish the further im portant point th a t the double cycle seen in the ear is common to many other tissues as well. W ith little or no variation in timing, this cycle was observed in the epidermis of the back, the stratified epithelium of the oesophagus, the epithelium lining the tubules of the epididymis, and the proliferating zone of the duodenal mucosa. Exceptions were sought for and found in the proliferating centres of the intestinal lymph nodules and in the seminiferous tubules of the testis, in both of which the extremely high rate of cell division continues without interruption day and night.
These various tissues examined fall into a natural series from the epididymis with the lowest rate of cell division to the testis with the highest. In tisssues with relatively low mitotic activity there is the sharply defined double cycle in which the minimal mitosis counts approximate to zero. In more active tissues like the duodenal mucosa the double cycle is still discernible, but the minima are not so clearly marked since they are not so low. In highly active tissues like the lymph node centres and the seminiferous tubules the minima are eliminated altogether, and the graphs obtained are almost flat.
The observation th a t the diurnal rhythm s are approximately the same in different tissues is in contradiction to the conclusion of Blumenfeld (1942) who studied the epidermis, renal cortex, and salivary gland of the rat. His results indicated th at the diurnal rhythm s of these three tissues are quite unrelated, and he reached the conclusion th a t the factors determining mitosis cycles are not common to the body as a whole. Instead, they are peculiar to each organ, or, as it should more accurately be stated, to each tissue. In the present work an attem p t was made to repeat these experiments in the mouse, but conclusive results were not obtained because the rate of cell division in both the renal cortex and the salivary gland proved to be too low for accurate counting.
The second main conclusion which can be drawn from the present observations concerns the relation betweeen mitotic activity and bodily activity. I t is obvious th a t a rem arkably close relation exists between the forms of the graphs for mitotic activity, particularly the more accurate graph 11, and of the graph obtained from the experiments on bodily activity. This relation, which is an inverse one, is brought out in graph 20, figure 7 in which graphs 11 and 19 are superimposed, and in which the liberty has also been taken of indicating bodily activity by a line instead of, more correctly, by blocks. At 10.00 hr., when mitotic activity is low, bodily activity, associated with the feeding period, is extremely high. Mitotic activity then rises to a maximum as bodily activity falls to a minimum in the early after noon, and falls as bodily activity rises again in the evening. The minimum mitotic activity a t 20.00 hr. is preceded by the maximum bodily activity just before 19.00 hr. Thereafter mitotic activity rises to a moderate figure at which it remains for some 6 hr. and coincidentally bodily activity falls to a moderate figure at which it also remains for some 6 hr. In the early morning mitotic activity rises Mitotic activity in the adult male mouse sharply as bodily activity falls to a minimum between 05.00 and 06.00 hr., and then falls sharply again as the animals become active towards their feeding time. I t is an inescapable conclusion th at periods of high mitotic activity coincide with periods of rest, th at periods of low mitotic activity coincide with periods of wakefulness and exercise, and th at periods of moderate mitotic activity coincide with periods of moderate bodily activity. In this connexion it is interesting th at Riley (1937) has demonstrated in the house sparrow, Passer domesticus L., th at spermatogenesis is most active between 02.00 and 04.00 hr. when the bird is asleep, and is entirely eliminated between 07.00 and 10.00 hr. when it is awake. An artificial reversal of day and night results in a reversal of this cycle. I t would appear th at in this species, at least at the time when the experiments were performed, spermatogenesis does not take place suf ficiently rapidly to be free of the effects of diurnal variations in bodily activity.
15-2
On the other hand, freedom from such effects in highly active tissues has been reported by Blumenfeld (1943) in epidermal carcinomata induced by methylcholanthrene, and freedom from the effects of the oestrous cycle has been proved by Bullough (1946) in the case of implanted mammary carcinomata.
Of course, the general conclusion th a t diurnal rhythm s in mitotic activity are related to diurnal rhythm s in bodily activity is reached only by comparing the averages of large numbers of figures, and, as already stressed, there is submerged in these averages a considerable degree of individual variation. This variation is most clearly illustrated in the results obtained from individual mice by means of earclips (graphs 1 to 10). However, it is also evident in all the other experiments from the high values of the standard errors, and here again it would seem th at mitotic activity and bodily activity are linked. I t is common to find a box in which one or two mice are active while the others are asleep, just as it is common to find odd mice asleep while the m ajority of their fellows are awake. Similarly, the same group of mice may be awake a t a certain hour of one day and asleep a t the same hour of the next. Thus, if the incidence of mitosis is closely related to periods of sleep and of wakefulness, a high degree of variation between individual mice at any one time, and between groups of mice from day to day, is not to be wondered at bu t is rather to be expected.
These individual and day to day variations furnish some explanation for the confusion which has surrounded the subject of diurnal mitosis rhythm s in mice. Both Ortiz-Picon (1933) and Carleton (1934) described such cycles in the epidermis, bu t while the former indicated th a t the maximum occurred during the day, the latter considered th a t it occurred during the night. Since then Cooper & Franklin (1940) have reported th a t the greatest epidermal mitotic activity in their mice was a t about 10.00 hr., and Blumenfeld (1942 Blumenfeld ( , 1943 found the maximum a t 12.00 hr. in mice and a t 09.00 hr. in rats. None of these papers mention a double cycle, and none of them agree with the results recorded here. However, this does not appear to be so surprising when it is remembered th a t there are a t least three im portant variables involved. The first of these is the question of individual variation already discussed. The second is the question of the age, the condition, and perhaps also the sex of the animals. I t cannot be expected, for instance, th a t mice of less than one week old, such as were used by Carleton, will show the same type of cycle as do adults. The third is the question of laboratory routine. The animals will undoubtedly be active, and the mitosis rate presumably low, a t what ever time they are accustomed to being fed, and factors such as tem perature and day length may also be highly im portant.
However, the precise form of the diurnal cycle of mitotic activity in any mouse, or in any colony of mice, is unim portant compared with a conclusion th a t the form of this cycle is not fixed, but is determined by the times and lengths of the periods of rest and of exercise. The final proof of this conclusion has not yet been established, bu t it may be obtained from the experiments on artificially induced rest and exercise which are now being carried out. I n th e first e x p e rim e n t th e a n im a ls w ere in je c te d w ith a dose o f b a rb itu ra te s sufficient to in d u ce sleep fo r a p e rio d o f 3 o r 4 h r. a t a tim e o f d a y w h e n th e y w ere u su a lly a c tiv e . T h e in jectio n s w ere g iv en a t 17.00 h r. as th e a n im a ls w ere w a k in g fro m th e ir a fte rn o o n sleep, a n d th e y re s u lte d in a sh a rp rise in m ito tic a c tiv ity . A m a x im u m w as re a c h e d a t 20.00 h r., th e tim e w h en th e m ito tic a c tiv ity o f th e c o n tro ls h a d d ro p p e d to a m in im u m . A s th e an im a ls re co v ered a n d becam e ac tiv e , th e ir m ito sis r a te fell q u ic k ly to a low level.
I n th e seco n d e x p e rim e n t th e a n im a ls w ere p la c e d in a slow ly re v o lv in g b o x , a n d so forced to re m a in aw ak e a n d a c tiv e th ro u g h o u t a n a fte rn o o n w h en th e y w o u ld o th erw ise h a v e b een asleep. T h is tr e a tm e n t re s u lte d in e x tre m e ly low m ito tic a c tiv ity , in c o n tra s t to w h ich t h a t o f th e n o rm a lly sleeping c o n tro ls rose to a h ig h level. I t is p ro b a b ly sig n ifican t t h a t w h en th e m ice w ere released fro m th e re v o lv in g b o x , a n d co uld a t la s t sleep, th e ir m ito sis ra te re m a in e d low . T h is su g g ests t h a t th e excessive exercise h a d e ith e r re s u lte d in th e p ro d u c tio n o f som e m ito sis-d ep ressin g su b s ta n c e w h ich re m a in e d in th e sy ste m , o r t h a t som e su b sta n c e v ita l to m ito sis h a d b e e n u se d u p a n d to o k som e tim e to be rep laced .
T h e conclusion is now ju stifie d t h a t th e r a te o f e p id e rm a l m ito sis n o rm a lly increases d u rin g sleep, a n d decreases d u rin g h o u rs o f w ak efu ln ess a n d exercise. I n th is w a y th e form o f th e d iu rn a l m ito sis cycle is d e te rm in e d b y th e h a b its o f th e a n im als.
I n t r o d u c t i o n
In a description of the diurnal cycle of mitotic activity in the adult male mouse (Bullough 1948) , it was shown that, in spite of a high degree of individual variation, a maximum rate of cell division was usually developed a t 06.00 and 14.00 hr., and a minimum a t 10.00 and 20.00 hr. This was also true in a variety of internal tissues. I t was further shown th a t the diurnal variations in mitosis are apparently related to diurnal variations in bodily activity, since, on the average, the mitosis rate was
